Introduction
Individuals with schizophrenia exhibit deficits in simple auditory tasks, such as delayed pitch discrimination. [1] [2] [3] [4] [5] [6] These deficits have been linked in part to impaired encoding of information into auditory sensory memory. [7] [8] [9] Auditory sensory memory (i.e., echoic memory) passively maintains a detail-rich, low-level representation (e.g., pitch, loudness) of past sounds for a brief period of time on the order of 8-12 seconds. 3, 6 Owing to the fleeting nature of auditory information, this memory trace is essential for most auditory functions, such as speech comprehension. 9, 10 The neural mechanisms of auditory sensory memory are still a matter of debate. [11] [12] [13] [14] However, it has been noted that the amplitude of the auditory-evoked N1 component, which is reduced immediately after a tone has been processed, an effect referred to as either refractoriness, repetition suppression or short-term adaptation, recovers back to baseline at the same rate at which information decays from auditory sensory memory. 15 The gradual recovery of the N1 may thus be a marker of the gradual decay of the auditory sensory memory trace. 9, [15] [16] [17] [18] In individuals with schizophrenia the recovery of the N1 amplitude is blunted, leading to an overall smaller dynamic range. [19] [20] [21] [22] [23] This reduced dynamic range of the N1 has been suggested to be a putative electrophysiological biomarker of altered auditory sensory memory encoding in individuals with schizophrenia. 17, 19, 24 Note that the N1 dynamic range is distinct from, but potentially associated with, mismatch negativity, which is also believed to depend on the formation of an auditory memory and is also affected in individuals with schizophrenia.
The pathologic process(es) that cause impaired sensory memory encoding and reduced dynamic range of the N1 are 
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still a matter of debate. Postmortem studies have reported structural deficits in auditory cortex pyramidal cells that point toward reduced excitatory function in individuals with schizophrenia. [25] [26] [27] In addition, postmortem studies have identified molecular changes in interneurons using γ-aminobutyric acid (GABA) that point toward reduced inhibitory function in individuals with schizophrenia. 28 In isolation, these 2 types of deficits are expected to have opposite functional consequences: whereas pyramidal cell deficits alone would lead to an excitation-deficient (inhibition-dominant) state, GABA-ergic deficits alone would lead to an inhibition-deficient (excitationdominant) state. In combination, the 2 deficits may either cancel out or lead to either outcome, depending on which deficit has a stronger impact on overall circuit function. To date, however, there is no established electrophysiologic marker that indexes the relative strength of the excitatory/inhibitory system (E/I balance). Identifying such a marker would potentially allow us to infer the functional consequences of the observed postmortem deficits (i.e., whether the excitatory or inhibitory deficits observed in postmortem brain are predominant).
Here we hypothesize that the dynamic range of the auditory N1 is a marker of E/I balance in the auditory cortex. It is already known that the N1 reflects postsynaptic currents/ potentials in pyramidal cells (i.e., excitatory function). Furthermore, the dynamic range of the N1 can be reduced by pharmacological interventions that decrease excitatory glutamatergic neurotransmission via the N-methyl-d-aspartate receptor (NMDAR). 17, 29 To date, however, it is not known if the dynamic range of the N1 is also sensitive to alterations of GABAergic neurotransmission and therefore affected by changes in both excitation and inhibition. Because GABA-ergic signalling plays a crucial role in regulating pyramidal cell activity, we predict that N1 dynamic range can also be reduced by increasing GABA-ergic transmission. This finding would support the use of N1 dynamic range as a marker of E/I balance and would suggest that the reduced dynamic range of the N1 and impaired encoding of information into auditory sensory memory in individuals with schizophrenia is a consequence of an excitation-deficient/inhibition-dominant state in the disease.
We tested our hypothesis in the rhesus macaque monkey, one of the most established model systems of auditoryevoked EEG potentials (AEP). 17, 24, [30] [31] [32] [33] [34] In 3 separate experiments, we used the noncompetitive NMDAR antagonists ketamine and MK-801 to reduce glutamatergic signalling and the GABAA receptor-positive allosteric modulator (PAM) midazolam to increase GABA-ergic transmission. Although the 2 types of manipulations have distinct pharmacological targets, both shift E/I balance toward a state of relative excitation deficiency/inhibition dominance ( Fig. 1A) and were thus expected to reduce N1 dynamic range. Although not the immediate focus of our hypothesis, we also measured and quantified the effect of these manipulations on other previously identified auditory-evoked electroencephalography (EEG) components that arise at different latencies and with different topographies. In contrast to earlier work, we used a random auditory environment to evaluate the effect of ketamine on N1 dynamic range independent from the known role of NMDARs in learning and predictive coding.
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Methods
Animals
Experiments were performed on 4 adult male macaque monkeys (macaca mulatta, animals R, J, S and W). The treatment of the monkeys was in accordance with the guidelines set by the U.S. Department of Health and Human Services (National Institutes of Health) for the care and use of laboratory animals. All methods were approved by the Institutional Ani mal Care and Use Committee at the University of Pittsburgh. All animals have previously been exposed to similar passive listening paradigms in previous studies.
24,36
Cranial EEG recordings
The rhesus EEG recording system was designed to be as similar as possible to human scalp recordings while reducing the setup times and facilitating stable and reproducible longterm recordings over many months. Details of the EEG recording system were reported previously. 24, 36 Briefly, the different animals had between 21 and 33 cranial electrodes implanted, covering roughly the same anatomy covered by the international 10-20 system. 36 
Experimental setup
Experiments were performed in 2 small (4 × 4 × 8 feet) soundattenuating and electrically insulated recording booths (Eckel Noise Control Technology). Animals were positioned and head-fixed in custom-made primate chairs (Scientific Design). Cranial EEG potentials were recorded with a 32-channel digital amplifier system (RHD2000, Intan). Experimental control was handled by a Windows PC running an in-house modified version of the MATLAB monkeylogic software package and presented by routines of the MATLAB Psychtoolbox package. Sounds were presented using a single element 4-inch full-range driver (Tang Band W4-1879) located 8 inches in front of the animals.
Stimuli and experimental design
Details of the auditory paradigm have been reported previously. 24, 36 Briefly, animals listened to 55 ms-long 80 dB sound pressure level (SPL) pure tones that varied in frequency and time between individual tone onsets (i.e., stimulus-onset asynchrony [SOA]; Fig. 1B ). The SOAs were drawn from a boxcar distribution in log2-space between 0.25 and 32 seconds. To increase the number of trials per recording session in follow-up experiments the upper limit of the SOA was reduced to 16 seconds (MK-801 study) and 12.8 seconds (midazolam study). Since animal S entered the experimental pipeline after the SOA had already been reduced, we used an upper limit of 16 seconds in both the ketamine and MK-801 studies.
Tone presentations were structured into blocks with a duration of 9-12 minutes. Each recording session consisted of 12 blocks. After block number 4, the animals were given a 0.4 mL intramuscular injection of either a psychoactive agent or vehicle (either saline or tween, depending on solubility of the corresponding active agent). The same injection was repeated after block number 8 to maintain an approximately level concentration of active drug. The control and experimental conditions occurred on alternating days, with the experimental condition never occurring on more than 2 days per week (Fig. 1C) .
Experiment 1 used the NMDAR channel blocker ketamine as the active agent. Experiment 2 used MK-801, which is also a noncompetitive NMDAR channel blocker but has higher affinity and selectivity for the NMDAR than ketamine. 37 Experiment 3 used midazolam, a PAM at the GABA receptor.
38 A full listing of dose level is outlined in Table 1, Table 2 and Table 3 .
Tone presentations within each block were either random or regular. In the random condition, tone identity and SOA changed 90% of the time. In the regular condition, tone identity and SOA changed only 10% of the time. The ketamine experiment used only the random condition. Because ketamine had the same effect in the random condition as previously described in the regular condition, experiments 2 and 3 used alternating blocks of the random and the regular condition. Analyses showed no fundamental differences between the regular and random conditions, hence data were pooled across both conditions to increase signal-to-noise ratio.
Auditory-evoked potentials
Raw data were down-sampled from 5000 Hz to 500 Hz and filtered with a 70 Hz low-pass filter. The filtered data were cut into short epochs around the onset of each sound (-150 ms to 750 ms). A subtraction method was used to reduce AEP superposition for tones with short SOAs. 24 The data were then exported for use with R statistics software. 39 Trials with peak-to-peak amplitudes above 450 µV were excluded to minimize motion artifacts. The remaining trials were sorted into bins of SOA with a width of 1 octave (e.g., 0.25-0.50 s, 0.50-1.00 s) and averaged.
Dynamic range of component amplitude
Previous work in the same animals identified 8 distinct middle and long-latency components. 36 Based on latency and polarity they were referred to as P14, P21, P31, N43, P55, N85, P135 and N170. Most components could readily be identified in all animals despite interindividual differences in timing and topography. For each animal, each component was associated with a time window and a list of channels. Component amplitudes on each trial were estimated by averaging activity across the corresponding channels and time bins.
Following earlier work, the dependence of component amplitude X as a function of SOA was modelled as an exponential recovery to baseline: 40, 41 In this framework, a refers to the asymptotic value that will be reached when SOA is infinitely long. The factor b determines the maximal reduction of amplitude for short SOAs. The time-constant λ SOA determines how quickly amplitude recovers back to baseline for long SOAs. We fit this function to the data using a gradient descent method for the control and drug conditions separately. The values of the 3 parameters are reported in Appendix 1, Tables S1-S3, available at jpn .ca/170093-a1.
In the context of the present study, we focus on the dynamic range defined here as the difference of component amplitude between 0.250 and 12 seconds. Because there are only a relatively small number of trials with SOA equal to 0.250 or 12 seconds, the dynamic range was estimated based on the model predictions for 0.250 and 12 seconds: x(12.000)-x(0.250). This approach is optimal because it uses an established model and uses all available data. The alternative, nonmodel-based approach would be problematic for several reasons: it would require selecting an arbitrary criterion to bin the data based on SOA; if bin size is large it would require averaging data with substantially different SOAs; and if bin size is small it would require discarding most of the data contained in any bin other than the ones with the shortest and the longest SOAs.
Dynamic range of 3 components (P14, N43, N170) exhibited large between-subject variability in 1 or more of the experiments. To avoid having the variability introduced by these components obscure effects that are present in the other components, they were excluded from the population analysis.
Results
High-density tone-evoked cranial EEG responses were measured in 4 macaque monkeys while they passively listened to sequences of pure tones presented at random SOAs. The present work focuses on 5 previously identified AEP components referred to by polarity and latency as P21, P31, P55, N85 and P135. 36 The amplitudes of all 5 components have been shown to increase for longer SOAs. 24 The aim of the present experiments was to dissect the pharmacological under pinnings that underlie the scaling of component amplitude with SOA. Specific emphasis was placed on the N85 component, which is one putative homologue of the human N1. 17, 30, 34, 36 Note that other authors have suggested an earlier negativity -probably corresponding to our N43 -as a putative N1 homologue. 42, 43 In addition to the N85, special emphasis was placed on the P21 and P31, which are believed to be generated in the primary auditory cortex and may reflect the depolarization of supragranular pyramidal cells by layer 4 input. Thus, they reflect the earliest stage of cortical processing that can reliably be measured with high signal-tonoise ratio using EEG in the monkey. Figure 2 shows the average AEPs at all 32 active electrodes on days following injection of vehicle (black) or 1 mg/kg ketamine (red) for 1 representative animal. Differences can be identified on all electrodes, but are most prominent at frontocentral electrodes around the time of the N85 component. Figure 3 shows AEPs averaged across 6 frontocentral electrodes and split by SOA (colour code) as well as drug condition (panels). Even the low dose of ketamine (≤ 1 mg/kg) has a strong effect on the scaling of AEPs by SOA. These results resemble earlier findings using phencyclidine and long sequences of clicks at fixed SOAs. 17 Closer inspection of Figure 3 reveals that neither peak latencies nor overall duration of mid-latency components (P21, P31 and P55) seem to be affected by ketamine (see vertical lines in Fig. 3 ). In contrast, duration of the N85 is shortened by ketamine, and as a result, peak latency is reduced (e.g., ani mals J and S; Fig. 3 ). In addition, mid-latency component amplitude and dynamic range seem to exhibit more resilience to ketamine. This is most apparent at the higher dose of ketamine (4 mg/kg), where the N85 is practically absent and J Psychiatry Neurosci 2018;43(3) the mid-latency components, particularly the P31, continue to scale with SOA (e.g., animal J; Fig. 3, third row) . Figure 4A -E plots average normalized amplitude as a function of SOA for all 5 AEP components. In vehicle sessions (black) all components show a steady increase in amplitude before reaching an asymptotic value for the longest SOAs. Following ketamine administration (red), peak amplitudes fail to recover with SOA, leading to lower AEP amplitudes, especially for the longest SOAs. As noted previously, scaling of the P21 and P31 following ketamine administration appears to be more preserved relative to scaling of the P55 and N85. The "Quantification and comparison of different active compounds" section provides a quantitative analysis of these findings and a comparison between different drugs. Figure 5 shows AEPs in the MK-801 experiment. As for ketamine, we observed blunted responses for the longest SOAs. However, this attenuation seemed less pronounced and more restricted to the N85 component. This impression is further supported by comparing the first and second rows of panels in Figure 4 . Anecdotally, it is interesting to note that in contrast to ketamine, MK-801 had noticeable motor and motivational adverse effects, even at the lowest dose (0.03 mg/kg), that were evident when animals returned to their home cages.
Experiment 1: effect of ketamine on AEP dynamic range
Experiment 2: effect of MK-801 on AEP dynamic range
Unexpectedly, we noticed that administration of 0.03 and 0.06 mg/kg of MK-801 led to the emergence of a new AEP component in animal S (Fig. 5) . This component occurred approximately 10 ms after the P31 at frontocentral electrodes. Figure 6 shows AEPs in the midazolam experiment. No obvious effects were observed at the lowest dose (< 0.04 mg/kg). At the high dose (0.08 mg/kg), we observed blunted responses for the longest SOAs. However, in contrast to ketamine, midazolam seemed to have less of an impact on the N85. This impression is further supported by comparing the first and third rows of panels in Figure 4 . In contrast to ketamine and MK-801, midazolam seemed to exert a stronger effect on the P135 and a weaker effect on the N85. , and ketamine (red) days is shown across multiple channels as a function of time from tone onset on the X axis. Ketamine has moderate effects on earlier components, such as the P21 and P31, but strongly affects amplitude and peak latency of later components, such as the P55 and N85. This pattern is particularly apparent at frontocentral channels. Figure 7 plots normalized dynamic ranges for each component and drug condition separately. A value of 1 corresponds to no change relative to the control condition. Figure 7 conveys the impression that ketamine and MK-801 have similar response profiles, but that compared with MK-801, ketamine is overall more effective at reducing the dynamic range across all 5 AEP components. In contrast, midazolam seems to have a different response profile. Furthermore, Figure 7 conveys the impression that certain components, such as the N85, are particularly susceptible to all pharmacological interventions.
Experiment 3: effect of midazolam on AEP dynamic range
Quantification and comparison of different active c ompounds
To quantify the data described above, we conducted a 2-factorial repeated-measures analysis of variance (ANOVA) with the factors drug (1 mg/kg ketamine, 0.03 mg/kg MK-801, 0.08 mg/kg midazolam) and AEP component (P21, P31, P55, N85, P135). This ANOVA identified no main effect of drug (F 2,6 = 3.51, Huynh-Feldt-corrected p HF = 0.10). It did identify a significant main effect of AEP component (F 4,12 = 5.53, p HF = 0.019) and a significant drug × component interaction (F 8,24 = 3.33, p HF = 0.036).
To determine which components contributed to the main effect of AEP component we performed 10 post hoc ANOVAs, 1 for each of the 10 possible pairs of components. Of the 10 tests, 1 reached significance (P31:P135) and 4 reached a significance level of p < 0.1 (P21:N85, P21:P135, P31:P55, P31:N85). This suggests that the P31 is overall less affected by the pharmacological interventions than the P135. Incorporating the pattern of statistical trends, the data tentatively suggest that the early components P21 and P31 are overall less attenuated by all pharmacological interventions than the later components P55, N85 and P135. Fig. 3 : Effect of ketamine on auditory-evoked potentials (AEPs) split by stimulus-onset asynchrony (SOA). Evoked potentials averaged across 6 frontocentral electrodes are plotted as a function of time from tone onset on the X axis. Colours correspond to different ranges of SOA, and line thickness corresponds to the standard error of the mean across trials. All 5 highlighted components show robust scaling of amplitude with SOA. This effect is less evident for P135 because it peaks on more posterior electrodes not represented in the 6 prefrontal electrodes averaged here. After administration of ketamine, this scaling with SOA is blunted, and in some cases completely abolished. Blunting is particularly pronounced for the N85 component. In addition, ketamine also reduces the duration of the N85 component and, as a result, its peak latency. The peak latencies of earlier components are not affected. Of note, the scaling of the P31 with SOA is largely resilient even to the highest dose (0.4 mg/kg) of ketamine. 
Discussion
Reduced dynamic range of AEP amplitude modulation with SOA is an important noninvasive marker of auditory cortex dysfunction in individuals with schizophrenia that may reflect impaired encoding of auditory information into their auditory sensory memory. Our findings show that this electrophysiological phenotype can be mimicked in the nonhuman primate using 2 types of pharmacological interventions that alter E/I balance either by reducing NMDAR-mediated excitation or by increasing GABA A receptor-mediated inhibition. These findings have important implications for understanding the pharmacological basis of a putative biomarker of auditory sensory memory and its dysfunction in individuals with schizophrenia. Postmortem schizophrenia studies point toward reduced excitatory function [25] [26] [27] as well as reduced inhibitory function in people with the disease. 28 In isolation, the 2 types of deficits are expected to have opposing functional consequences. In combination, they may cancel out or lead to either outcome, depending on which deficit has a stronger impact on overall circuit function. Our finding in the nonhuman primate that the dynamic range of the N1 is a sensitive marker of both glutamatergic and GABA-ergic neurotransmission establishes it as a putative functional marker of E/I balance. Our results allow us to reinterpret the finding of reduced N1 dynamic range in individuals with schizophrenia as a marker of altered E/I balance. In particular, our findings support the notion of a relative excitation-deficient/inhibition-dominant state of the auditory cortex in individuals with schizophrenia. This interpretation of the results is in line with a recent suggestion that cortical dysfunction in those with schizophrenia results from a pathological state in which reduced pyramidal cell excitation leads to a compensatory reduction of PV basket cell inhibition. 44 Importantly, our data suggest that the compensatory reduction of inhibitory function might be incomplete, as evidenced by its failure to re-establish the original dynamic range of the N1.
Though all 3 compounds reduce the dynamic range of AEPs, it is noteworthy that NMDAR blockers had a different response profile than the GABA A PAM (Fig. 7) . In the context of a simple conceptual model (Appendix 1, Fig. S8 ), we argue that the similarities between drugs can be explained under the umbrella of altered E/I balance, whereas the different response profiles of the drugs reveal interesting quantitative differences in the circuitry maintaining E/I balance of AEP components generated at different times after stimulus onset in different brain regions or cortical layers.
The model focuses on a putative pyramidal cell population whose postsynaptic potentials (PSPs) determine the amplitude of a hypothetical AEP component (Appendix 1, Fig. S1 ). At baseline (Appendix 1, Fig. S1B and S1C, black lines), both excitatory (EPSP; Appendix Fig. S1B and S1C, left column) and inhibitory (IPSP; Appendix 1, Fig. S1B and S1C, middle column) PSPs of the pyramidal cell population scale with SOA because both are mediated either directly (EPSP) or indirectly (IPSP, via the inhibitory interneurons) by depressing glutamatergic synapses, as suggested previously. 24, [45] [46] [47] Note that key aspects of our model described below do not depend on whether SOA dependence is indeed mediated by depressing glutamatergic synapses or a different upstream mechanism, such as prolonged after-hyperpolarization. 48, 49 In either case, the summed PSP (EPSP-IPSP, Appendix 1, Fig. S1B and S1C, right column) scales with SOA. For simplicity, we assume that the EPSPs are stronger overall, thus leading to a positive scaling of PSPs with SOA. A more realistic assumption might be that the balance between excitation and inhibition changes as a function of time from stimulus onset with excitation dominating early on, and inhibition later.
The NMDAR channel blockers reduce the scaling of EPSPs with SOA both in the interneurons and the pyramidal cells (Appendix 1, Fig. S1B, red lines) . The reduction of EPSPs in the interneurons translates into a reduction of IPSPs to the pyramidal cells. We assume that both IPSPs and EPSPs to the pyramidal cells are attenuated by a similar fraction. Thus, the summed PSPs, and hence AEP amplitude, are also reduced by the same fraction. The GABA A PAMs cause a similar reduction of the dynamic range of AEP amplitude as a function of SOA. However, the phenotype is mediated by a different mechanism. PAMs have no effect on the glutamate receptors and thus leave the EPSPs of both cell populations unaffected. Within the context of our model, we propose 4 mechanisms that could explain the different response profiles of the 2 classes of drugs. The dynamic range of a specific component might be more or less susceptible to NMDAR channel blockers for 3 reasons. First, the brain regions or cortical layers that mediate a component that is more susceptible to NMDAR channel blockers may have a higher ratio of NMDA to AMPA receptors. Second, components that are more susceptible to NMDAR channel blockers may be mediated by cells that have already been partially depolarized by earlier input that removed the voltage-dependent Mg2+ block from the NMDAR channel. Third, components that are more susceptible to NMDAR channel blockers may depend to a higher degree on recurrent activity, owing to slower inactivation of NMDA currents, 50 they are deemed especially important to sustain activity in recurrent networks in the absence of external input. [51] [52] [53] [54] Furthermore, we propose a potential mechanism to explain why a specific component might be Our results show that the P31 amplitude is rather resilient to ketamine and MK-801. The monkey P31 has been identified as a putative P1 homologue. 17 Hence, our finding that the P31 is largely unaffected by ketamine and MK-801 is consistent with earlier findings that the human P1 is largely unaltered during anesthesia induction with ketamine. [55] [56] [57] [58] Our results extend these findings and show that the scaling of P31 amplitude with SOA is largely preserved, even for the highest dose of ketamine, which almost completely abolishes the N85 component (Fig. 3, third row) . This finding is consistent with the hypothesis that the scaling of component amplitude with SOA is due to a presynaptic mechanism (e.g., vesicle depletion) rather than a postsynaptic mechanism that depends on specific properties of the NMDAR.
N-methyl-d-aspartate receptor function plays an important role in predictive coding (i.e., the ability to anticipate and optimize processing of upcoming sounds). Ketamine disrupts predictive coding regardless of whether sounds can be anticipated based on an individual's own motor commands 35 or based on past stimulus regularities. 32 Our ketamine experiment was specifically designed to minimize stimulus regularity and thus predictability of upcoming sounds. Consequently, the paradigm evaluated the effect of ketamine independent of its role in predictive coding. Our finding that ketamine had effects on AEPs even in the absence of predictability led us to conclude that NMDAR function may affect AEP amplitude by 2 distinct mechanisms: a low-level mechanism in which NMDAR function can be simplified as an excitatory drive that complements AMPA-mediated excitation and a high-level mechanism in which unique properties of the NMDAR (i.e., voltage-dependent Mg2+ block, Ca2+ influx and its role that may lead to long-term synaptic plasticity) mediate crucial aspects of predictive coding. The finding that noncompetitive NMDAR antagonists can blunt the dependence of AEP amplitude on SOA in predictable 17 as well as unpredictable environments suggests that in both cases the effect depends on the low-level excitatory function of NMDARs.
Limitations
One limitation of our study is the use of systemic pharmacological interventions that may have acted on targets outside the auditory cortex. Future experiments should use local micro injections to confirm that the auditory cortex mediates the effects of both NMDAR blockers and GABA A PAMs. Furthermore, it is important to note that ketamine has many ectopic targets and active metabolites, such as 2R,6R-hydroxynorketamine (HNK), that increase AMPA receptormediated EPSPs. 59 Thus, it is possible that these non-NMDAR-mediated effects contributed to the observed phenotype. However, it is important to note that MK-801, a drug with higher affinity for the NMDAR as well as fewer ectopic targets and metabolites, yielded a response profile similar to that of ketamine and that 2R,6R-HNK in particular would be expected to increase AMPA receptor-mediated EPSPs, 59 thus countering the EPSP-attenuating effect of ketamine at the NMDAR. This would be hard to reconcile with the notion that ketamine overall was more effective than MK-801 at reducing dynamic range. These observations argue in favour of the notion that ketamine attenuates the dynamic range of AEP components via its action at the NMDAR.
Conclusion
Our study shows that the reduced dynamic range of P1 and N1 amplitudes in individuals with schizophrenia can be mimicked in the nonhuman primate using 2 distinct pharmacological interventions that either decrease NMDARmediated excitation or increase GABA A receptor-mediated inhibition. This model system will be valuable to further investigate effects of E/I balance on auditory cortex function at the circuit and single-cell levels. It may shed light on the specific information-processing deficits in early auditory cortex that might go along with E/I imbalance in indivduals with schizophrenia.
